Abstract Sacral insufficiency fractures (SIFs) are an increasingly recognised cause of back pain in the elderly.
Introduction
Sacral insufficiency fractures (SIFs) are not uncommon in the elderly population and there is increasing awareness of the burden on healthcare attributable to these fractures [8, 15] . Traditional management has involved analgesia, bed rest and formal rehabilitation. The disadvantages of conservative management can include intractable pain, with significant morbidity and mortality occurring due to periods of prolonged bed rest or impaired mobility [2, 20] .
Sacroplasty for SIF is a technique first described by Garant [12] . The technique evolved from the success of vertebroplasty and kyphoplasty in the treatment of insufficiency fractures of thoracic and lumbar vertebrae. Sacroplasty is essentially the same technique where PMMA cement is injected into the fracture zone of the sacral ala with the aim of achieving an analgesic effect through presumed restoration of mechanical integrity. However, the risks and benefits of this procedure are not yet fully understood. Sacroplasty remains an evolving technique and numerous methods have been described in the form of technical reports with accompanying case reports or small case series [4, 6, 7, 9, 11, 12, 14, 16, 19, 23, [25] [26] [27] [28] 30] . So far, no consensus has been agreed with regard to best practise.
We, therefore, decided that it would be beneficial to the medical and surgical practitioners if the various techniques and results were amalgamated into one paper for comparison; specifically focusing on clinical outcome.
We have undertaken a review of the published literature that has reported results of sacroplasty between 2002 and 2008 . In this paper, we summarise the techniques described and their clinical outcome. We discuss the issues that are controversial, suggesting direction for future studies.
Materials and methods
We performed a literature search of Medline via PubMed, and of Ovid Online via Athens, for articles published on sacroplasty. Keywords used included sacroplasty, SIF and cement augmentation. We excluded the following studies: fractures due to primary or secondary bone tumours, nonEnglish language papers. Biomechanical studies were considered where appropriate. These exclusion criteria were suggested in order to capture only those papers where osteoporosis was the cause of the fracture. This would allow a comparable patient group. The time period incorporated was because of the paper by Garant [12] which has initiated the interest in sacroplasty.
The studies were analysed for the number of cases presented, surgical technique performed, follow-up period and clinical outcome. We performed simple statistics where feasible.
Results
Fifteen papers were published in the English literature between 2002 and 2008. Seven were case series (one performed prospectively), five papers were technical reports and three were case reports. No Level I, II or III evidence was available. Frey et al. [11] constitutes Level IV evidence because although it is described as a prospective observational cohort study, there is neither an independent observer, nor a comparative group. It is more in-keeping with a large prospective case series.
There are only five papers which include follow-up of 1 year or more [6, 11, 14, 16, 27, 30] , despite the fact that most journals require at least 12 months of follow-up for reports of surgical outcomes. It is, therefore, unusual to see so many case reports on a subject, without these requirements met. We have, however, discussed the short-term outcomes to highlight the early results, which can guide future research.
We also had to exclude three articles from the German and French literatures which we were unable to analyse further because of the language barrier. Reviewing the abstracts, this would have allowed a further three cases to be included in our results, which may have improved the strength of our results [17, 18, 24] .
In total, 108 patients (range 1-52 per study, median 3) with osteoporotic SIF were included. Mean age was 75.5 years. With regard to follow-up, Tjardes et al. [28] , Smith and Dix [26] and Binaghi et al. [4] have only mentioned immediate post-operative results. Butler et al. [7] had a follow-up period of between 2 and 8 weeks in four patients, but did not clarify this further and so could not be included in the calculations of the mean. All the other papers had a minimum follow-up of 2.5 months with an average of 9.1 months (range 2.5-41.7).
Amongst the 108 patients included, 47 patients had sustained bilateral sacral fractures whilst 36 had only unilateral fractures. Three patients sustained H-type fractures [4, 6, 23] with each undergoing sacroplasty without concomitant iliosacral screw fixation. Binaghi et al. [4] describe an H-type fracture in a patient with a history of lymphoma. They do not specifically state that it is a pathological fracture and so the patient has been included in our data. Type of fracture was not documented in 22 patients [4, 7, 28, 30] .
Procedures were performed under conscious sedation or general anaesthetic. Computerised tomography (CT) combined with fluoroscopy was the most commonly used image guidance technique (80 patients). All other procedures were performed with either CT or fluoroscopic guidance only. Needle insertion techniques described include the long-and short-axis approaches (Table 1 ; Fig. 1 ), the principles of which we explain later in the discussion.
Garant [12] was the first to describe the short-axis technique using 7 ml of PMMA cement. Subsequent studies that have used the short-axis approach have utilised 4-20 ml of cement in total, across unilateral or bilateral fractures. Butler et al. [7] described using 4-8 ml per side, with Pommersheim et al. [23] and Deen and Nottmeier [9] using between 2 and 6 ml per side. Heron et al. [16] injected 4 ml per fracture and Frey et al. [11] 2-5 ml per vertebral level.
Long-axis techniques have also incorporated 4-20 ml of cement per patient with Binaghi et al. using 6 ml per side [4] . Strub et al. [27] limited the cement volume to 8 ml per patient, whereas Gjertsen et al. [14] used up to 10 ml per sacral side. Layton et al. [19] described injecting 2 ml of cement per vertebral body instrumented, similar to that of Tjardes et al. [28] and Frey et al. [11] . Unfortunately, Brook et al. [6] , Smith and Dix [26] and Sciubba et al. [25] did not comment on the amount of cement they injected despite describing their technique.
Two patients underwent simultaneous augmented iliosacral screw fixation. Tjardes et al. [28] describe a lateral approach where PMMA cement is introduced through an 8 mm cannulated screw (DePuy Inc.). The screw is directed over a guide wire until it reaches the lateral mass of the sacrum. At this stage, the guide wire is removed and an 11 gauge trocar is placed through the axis of the screw and 2 ml of cement is injected. The trocar is subsequently removed and the guide wire is reinserted. The cannulated screw is brought to its final position in the S1 vertebra and the guide wire is removed before the cement hardens.
Sciubba et al. [25] describe a technique where the transiliosacral rod is positioned through a lateral incision, before injection of the cement. Although they use different incisions and approaches to each step of their procedure, they do not specifically describe their approach to the sacral vertebrae when injecting the cement.
Visual analogue score (VAS) was used as a clinical outcome measure in the follow-up of 62 patients. The average VAS improved from a pre-operative score of 8.9 to 2.6 post-operatively [4, 6, 9, 11, 16, 25] . This is statistically significant (P \ 0.001, paired Student's t test). Frey et al. [11] demonstrated that low VAS scores could be maintained at 1 year follow-up.
Whitlow et al. [30] compared the clinical outcome of patients undergoing sacroplasty (12 patients) with those of vertebroplasty procedures (21 patients). Follow-up periods in the two groups were comparable because subjects were only recruited for the vertebroplasty arm of the study if their procedure had occurred on the same day as a sacroplasty procedure. The ability to ambulate and perform activities of daily living improved in both groups following the intervention. There was a statistically significant improvement in pain scores in both groups (61.5% after sacroplasty, 61.8% after vertebroplasty) with no significant difference between the two. Complications reported so far have included clinically insignificant cement leakage into the S1 foramen in one case [16] , posteriorly in one case [23] , into the sacroiliac joint [7] , anteriorly in four patients [9, 26] and intravenously in one case [7] . Frey et al. [11] describe the development of an S1 radiculopathy during the procedure, at which point they stopped injecting cement, although they did not clarify whether the cement had extravasated. The symptoms settled with an S1 nerve root injection 1 week later. A further case was refractory to pain despite a repeat procedure being performed [14] .
The results are summarised in Table 1 .
Discussion
Sacral insufficiency fractures were first described by Lourie [21] and their clinical interest has increased exponentially since. Sacroplasty for insufficiency fractures was first described by Garant [12] , although there had been two earlier case reports where PMMA cement was injected into sacral metastases successfully [10, 22] . Since then, following the success of vertebroplasty and kyphoplasty for thoracic and lumbar vertebral fractures, there has been an increasing number of case reports based around the idea of sacroplasty for SIF. The general consensus is that sacroplasty can be performed safely on Denis Zone 1 fractures, with more central fractures increasing the risk of foraminal leakage and S1 nerve root injury. Throughout the article, there is no consensus on optimal technique, with differences in opinion on which approach to utilise, and on whether there is a need to use balloon kyphoplasty or augment with iliosacral screws. The image guidance used is also variable, with the majority incorporating CT due to the difficulties of visualising the osteology safely [4, 6, 7, 9, 16, 23, 27] . It has previously been suggested that there is a tendency amongst interventional radiologists to use the posterior approach with spinal surgeons likely to prefer the lateral approach given their experience with posterior ring pelvic surgery [29] . This also allows the surgeon to place iliosacral screws concomitantly. In our review, the posterior approach was the commonest described, with lateral approaches only being used when iliosacral screws are being placed [26, 28] simultaneously. However, the majority of 'simple' sacroplasty procedures are being reported from departments of radiology [4, 6, 7, 12, 14, 16, 19, 23, 26, 27, 30] , with only four papers originating from other departments (e.g. neurosurgery and orthopaedics) [9, 11, 25, 28] .
Two posterior techniques for cannula placement have been described: the long-and short-axis approaches (Fig. 1) . In the long-axis approach, the cannula is passed along the ala of the sacrum in a caudal-cephalad direction [4, 26] , with the short axis the needle is placed in a posterior-anterior direction. The long-axis technique is considered easier to perform [4] with an added advantage of the cement being directly injected along the whole fracture line. Potential risks include entering the sacral foramen, penetration of the superior or cephalad margin of the sacral ala, or breaching of the anterior cortex [14, 26] .
Deen and Nottmeier [9] have shown that balloon-assisted sacroplasty is a feasible technique with good clinical results. However, they acknowledge that it is unlikely to benefit fracture configuration in the same way that kyphoplasty in the lumbar or thoracic spine is considered to. A cadaveric study has shown that cement deposition was better confined within the cortical boundaries with a balloon-assisted technique [3] . Therefore, if multiple cases are performed, a benefit with regard to a decrease in cement extravasation may be shown, but this has not been a clinically significant complication in the cases reported so far.
Other augmentation techniques described include iliosacral screw fixation in addition to sacroplasty. This technique was supported by Tjardes et al. [28] because they believe that cement augmentation alone is not biomechanically stable enough to counteract the vertical shear and stress forces in the pelvis. This is confirmed by the cadaveric studies that show no significant difference is made to the strength or stiffness of the sacrum, even when comparing the amount of cement or approach used [29] . Sciubba et al. [25] justified their technique by suggesting that the screws provide greater stabilization of shear forces, with the cement providing stabilization between the screws and bone. Pommersheim et al. [23] also discussed the fact that wide fracture lines may be a contraindication to cement injection, and so the additions of iliosacral screws will help to bring the fracture line together, allowing the potentially safer injection of cement.
Waites et al. [29] performed sacroplasty in cadaveric osteoporotic pelves and concluded that strength or stiffness of the sacrum and pelvis was not improved by augmentation of the fracture with cement. They used both a lateral and posterior approach, with no significant difference between the two. This supports the above opinions that more biomechanical stability is needed, other than simple augmentation with cement. An important limitation to this study is that they injected only 4 ml of PMMA cement, with some clinical cases needing considerably more. (Brook et al. [6] report the injection of 10 ml of cement into each fracture.) They do, however, acknowledge that fracture micromotion may be prevented which can result in analgesic effect.
On the other hand, two biomechanical studies of the pelvis based on finite element analysis [1, 31] have shown that the sacroplasty technique decreases micromotion between fracture segments. Anderson and Cotton [1] claimed that the sacrum was between 2 and 5% stiffer, and that strain can be reduced by between 40 and 60%. Whitlow et al. [31] showed that mechanical stress decreases by approximately 83% around the fracture site and also that fracture gap micromotion can be decreased by 48%. Anderson and Cotton injected 3-7 ml of cement on each side, whereas Whitlow et al. used 3 ml. These results may explain the clinically apparent pain reduction and improved mobility with cement augmentation, and support those who believe that iliosacral screws are not needed. The limitation to Anderson and Cotton's study is that their finite element model did not have a fracture simulated.
Complications described specific to sacroplasty have included cement extravasation. In the eight cases where this occurred, there was no clinically apparent detriment to the patients' well being. In the large cohort treated by Frey et al. [11] , only one case of S1 radicular pain was reported. This resolved following injection of the nerve root with steroid and local anaesthetic, causing no long-term deficit. Although Gjertsen et al. [14] have cited pulmonary embolism, infection and nerve injury as potential complications, no such reports with sacroplasty have yet been made. The case refractory to pain relief was in a tetraplegic male where a repeat procedure did not help. It was felt that the significant muscle dystrophia contributed to the pain [14] . As long as the variously described landmarks are adhered to, it would seem that sacroplasty is a safe technique to perform. However, despite this being an elderly population, long-term follow-up studies are needed to assess complications and evolution of cement position.
The average follow-up is just under 10 months, although infrequently in the literature follow-up of greater than 1 year is reported [27, 30] . Analgesic effect can be instantaneous, and this benefit, along with improvements in mobility and ability to perform activities of daily living, has been shown to be maintained long term in a small number of cases [6, 11, 27, 30] . With conservative management, patients are often advised that healing will occur over 12 months [20] , and admissions for rehabilitation can be prolonged. Dasgupta et al. [8] showed that an average stay was 20 days in their hospital when treating conservatively, almost as long as the average in-patient stays following a fractured neck of femur (38 days). Although no direct comparison has been made with post-operative length of stay following sacroplasty, none of the articles reviewed have suggested the need for long-term admission.
Most papers discuss the need for a combination of CT and fluoroscopic guidance during the procedure because of difficulty visualising the landmarks. Live fluoroscopy is needed to monitor cement extravasation during injection [4, 6, 7, 9, 16, 23, 27] . The obvious concern with CT-guided procedures is the increased radiation exposure.
Boszczyk et al. [5] showed that with one level kyphoplasty the lifetime risk of developing cancer is theoretically increased by 0.02-0.06% (fluoroscopy guided). We can assume that the radiation dose is higher with CT-guided sacroplasty and so a patient's risk will be increased further. This may not be clinically significant in an elderly cohort, but its effects need to be considered.
Comparisons will always be made with vertebroplasty and kyphoplasty given the similarities in technique. Success rates as high as 95% have been reported with vertebroplasty and kyphoplasty [13] . Whilst the number of sacroplasty cases currently reported in the medical literature is too low to claim such a success rate, Whitlow et al. [30] have shown that sacroplasty results are comparable with those undergoing vertebroplasty. In our review, we have only found one case refractory to treatment [14] . These results are promising but a larger cohort needs to be treated before sacroplasty can try and claim a 95% success rate.
Conclusion
Cement augmentation techniques such as sacroplasty can produce significant improvements in VAS scores and appear to be a suitable alternative to analgesia and rehabilitation. The results are promising with immediate pain relief and maintenance of benefit in the medium to long term; however, there are questions still to be answered. In particular, the optimal technique to be used and the longterm outcome with this procedure need further analysis. Future prospective clinical studies with an independent observer to analyse the long-term success rate and complications of this procedure are warranted.
